Abstract. In this multicenter study in Lebanon, hepatitis A virus (HAV) seroprevalence rates were surveyed by age, gender, and socioeconomic factors. Blood samples collected from 606 subjects aged 1 to 30 years were analyzed for anti-HAV IgG. Age was the most important factor influencing HAV seroprevalence. HAV seroprevalence rates in the current study were about 78% in the Ն 21 years age group, 28% in the 6-10 years age group, and 11% in the 1-5 years age group as compared with 97.7% in adults, 85% in children aged 6-12 years, and 40% in children aged 1 to 5 years in previous studies, demonstrating a shift in HAV seroprevalence from the younger to the higher age groups.
INTRODUCTION
Hepatitis A virus (HAV) is a major cause of disease throughout the world, with an estimated 1.5 million cases annually. 1 Although infection by the hepatitis A virus is often asymptomatic or accompanied by mild, nonspecific illness in young children, in adults the disease can be severe. Fatal acute liver failure is a well-known complication of HAV infection but fortunately uncommon. The prevalence of HAV is very closely related to the socioeconomic status of the population and may vary within the same country according to changes in hygienic conditions. In developing countries, exposure to HAV is virtually universal before the age of 10 years. 2 With improving socioeconomic conditions, these countries enter a transition phase in which the virus is still prevalent in the population, but improving hygienic conditions delay the average age of infection. [3] [4] [5] It is important to detect such shifts because disease severity increases with older age, and adults are thus more likely to experience morbidity when infected, leading to greater disease burden and significant health problems.
Safe and effective hepatitis A vaccines have been available for more than a decade and have proven to reduce disease burden and offer protection to at-risk populations. [6] [7] [8] However, the epidemiologic shift in hepatitis A infection observed in intermediate endemic regions has driven the development of universal preventive strategies to be added to the targeting of at-risk groups. 9 Very few epidemiologic studies to observe the pattern of HAV prevalence have been conducted in Lebanon. The current study was designed to detect changing patterns in age-related HAV seroprevalence in Lebanon. The effects of socioeconomic factors such as family type, ownership of the house, education level, and income were also explored in this study.
MATERIALS AND METHODS
This was a cross-sectional study conducted at four centers in Lebanon: Hotel Dieu De France Hospital, Beirut; Nini Hospital, Tripoli (North Lebanon); Hammoud Hospital, Saida (South Lebanon); and St. Georges Hospital, Beirut.
Administratively, Lebanon is divided into five governorates, Al Biqa, Al Janub (South), Ash Shamal (North), Beirut, and Jabal Lubnan (Lebanon Mountain). Beirut and Jabel Lubnan are usually considered as forming greater Beirut. Data was collected from all governorates except Al Biqa (which represents about 20% of the total population of Lebanon). Hotel Dieu de France and St. George's Hospitals serve Greater Beirut, Nini Hospital serves North Lebanon, and South Lebanon is served by Hammoud Hospital. The study protocol and the statement of informed consent were approved by the ethics committee of each center, and written informed consent was obtained from all subjects prior to study start. The study was conducted between 1 September 1999 and 31 July 2000, in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines in force at the time.
Enrollment and data collection. Healthy volunteers aged 1 to 30 years of both sexes and varying socioeconomic and education status were invited to participate in this study. Subjects were recruited randomly from hospital staff and parents of patients and children coming for regular check-up at the above-mentioned study hospitals. After the signed informed consent was obtained from the participants or from their parents or guardians (in cases of minors), subjects were medically examined and checked for predefined inclusion/exclusion criteria. Subjects were excluded from participating in the study if they had jaundice at the time of entry into the study or if they had previously received vaccination against hepatitis A. Subjects with gastric, hepatic, or skin diseases were excluded from the study. No more than one individual per household was enrolled. A questionnaire was used to collect data from the subjects or parents/guardians of the subjects on age, gender, and various socioeconomic factors such as family type, ownership of the house, education level, and monthly income.
DEFINITIONS
Family type. Study subjects were categorized into three groups: 1) parents and children living with subject, 2) parents, children, and relatives living with subject, and 3) subject is single and living alone.
Education level. Education level of the parents/guardians was taken into consideration for subjects in the age group of 1-20 years, and the education level of the subject was taken into consideration for subjects in the age group of Ն 21 years.
Subjects/parents/guardians were classified as illiterate if they had no formal schooling or literate if they had. The literate subjects/parents/guardians were further classified by their schooling level into 1) subject/ parent/guardian has attended primary school, 2) subject/parent/guardian has attended secondary school, and 3) subject/parent/guardian has been in university.
Monthly income. Subjects were stratified into one of the three income levels on an ad hoc basis using the minimum monthly salary [300,000 Lebanese pound (L£)] according to Lebanese laws 10 : low-income group was < 500,000 L£ for singles and < 700,000 L£ for families, medium-income group was 500,000 L£ to 1,500,000 L£ for singles and 700,000 L£ to 2,000,000 L£ for families, and high-income group was > 1,500,000 L£ for singles and > 2,000,000 L£ for families. During the study period, 1 US$ was about 1,500 L£.
Specimen collection and handling. Blood samples were taken from healthy subjects (3 mL from children < 12 years and 5 mL from subjects Ն 12 years) and stored at -20°C until tested at Hotel Dieu De France Hospital.
Serology. Serum samples were analyzed for anti-HAV IgG antibodies using a commercial Microparticle Enzyme Immuno Assay kit (MEIA, Abbott Park, IL) from Abbott Laboratories. The assay cutoff for seropositivity was a reactivity ratio [(i.e. sample rate/cutoff rate (S/CO)] where cutoff rate is 50% of index calibrator value between 0 and 1.00. A subject was determined to be seropositive for anti-HAV antibodies when the reactivity of the assay was 0 < S/CO < 1.00.
Data handling and statistics. Statistical analyses were performed using SAS ver. 6.12 (SAS, Cary, NC). The population included in these analyses was subjects whose demographic and serological data were available and who complied with the protocol-defined procedures. The percentage of subjects who were seropositive for hepatitis A was tabulated along with 95% confidence interval (95% CI). Anti-HAV seroprevalence was studied in subjects for the effect of age, gender, and various socioeconomic factors including family type, ownership of the house, education level, and monthly income. A multiple logistic regression analysis that included all factors found significantly influencing anti-HAV prevalence in univariate model was performed. The final model included age, gender, education, and family income level. The effects of all two-way interactions were checked among these significant factors. Significance level of 0.05 was used for all statistical tests in the analysis.
RESULTS

Study population.
Of 608 subjects enrolled, two were excluded from analysis as they were outside the protocoldefined age range of 1-30 years. Thus, HAV seroprevalence was studied in 606 subjects. About 45% of the study subjects were males. There were 43 (7.1%) subjects from center 1 (Hotel Dieu De France Hospital), 176 (29.0%) subjects from center 2 (Nini Hospital), 185 (30.5%) subjects from center 3 (Hammoud Hospital), and 202 (33.3%) subjects from center 4 (St. Georges Hospital) ( Table 1) .
HAV seroprevalence.
Of the 606 serum samples tested, 262 (43.2%) were seropositive for anti-HAV antibodies (95% CI: 39.2, 47.3%). Except for study center 1, where the number of subjects was too small to compare with the others, anti-HAV seropositivity rate was not different among study centers.
Multiple logistic regression analysis was performed on 599 subjects, who had no missing values with respect to factors included in the analysis (Table 2 ). Age, followed by education level, income, and gender (with gender being significant only in the univariate model) were the significant factors that were found to be influencing HAV seroprevalence. However, all two-way interactions among these significant factors were checked and none of them was significant. The other factors such as family type and ownership of the house did not show any such trend on influencing HAV seroprevalence.
Age. Anti-HAV seroprevalence was studied in 1-5, 6-10, 11-15, 16-20, and Ն 21 years age groups. Figure 1 shows that anti-HAV seropositivity rate increased considerably from lower age group to older age group (Univariate 2 test for the trend P < 0.001). Approximately 78% of subjects in the age group of Ն 21 years were seropositive for anti-HAV antibodies compared with children aged 1-10 years (11% in 1-5 years and 28% in 6-10 years). The probability of being anti-HAV seropositive was significantly higher for subjects Ն 21 years when compared with that for subjects aged 1-5 years [odds ratio 65.1 (28.8, 146.9), adjusted for other factors] ( Table 2) .
Gender. Overall, significantly fewer male subjects were seropositive for anti-HAV antibodies than females; 37% versus 49%, (P < 0.01; univariate 2 test). However, gender, after controlling for confounding factors, was not significant and as such it can be concluded that there was no significant difference in probability of being anti-HAV seropositive between females and males.
Education level. Education level was a significant factor influencing a subject's anti-HAV seropositivity status. Based on multiple logistic regression analysis, seroprevalence rate was significantly higher in illiterates (AOR ‫ס‬ 16) and subjects/parents/guardians who had attended primary school (AOR‫ס‬ 4) compared with subjects/parents/guardians who had received university education.
Monthly income. On univariate analysis, HAV seroprevalence was found to be significantly different with HAV seroprevalence rate in low-income group being significantly higher (55%) than that observed in medium-(36%) and highincome groups (42%) (P < 0.01; univariate 2 test). Based on multiple logistic regression analysis, the odds of being anti-HAV seropositive for subjects in low-income group was moderately higher [AOR ‫ס‬ 1.6 (0.9, 2.9)] than that in highincome group. However, the odds of being anti-HAV seropositive was similar for subjects in medium-income group compared with those in high-income group [AOR ‫ס‬ 0.7 (0.4, 1.
2)]. 
DISCUSSION
The HAV prevalence pattern as observed in this multicenter study was of intermediate endemicity and was representative of the population in governorates that constitute about 80% of the Lebanese population. The seroprevalence of hepatitis A in Lebanon was last documented in 1982, 11 although data on children aged 6 months to 15 years was updated in a study conducted in North Lebanon during 1996-1998. 12 HAV seroprevalence rate in 1982 was 97.7% and 40% in Lebanese adults and children aged 1-5 years, respectively, as compared with 78.1% and 10.5%, respectively, in the current study. HAV seroprevalence rate was 85% in children aged 6-12 years in 1982 as compared with 30.8% to 37.6% in children aged 7-12 years in 1996-1998 and 27.7% in children aged 6-10 years in the current study. Although different populations were studied and sampling and assay methodology varied between the current study and the previous studies, this decrease in anti-HAV seroprevalence over the years indicates a shift in HAV seroprevalence from the younger to the older age groups.
The percentage of uninfected children was even higher for those belonging to medium-and high-income groups. A higher prevalence of anti-HAV antibodies was also detected in populations with lower education levels. Furthermore, no relation was found between anti-HAV seropositivity rate and gender, confirming data from an earlier study in Lebanon. 12 This trend toward a shift in HAV seroepidemiological pattern from high to intermediate or even low endemicity has been a well-known epidemiologic feature in developing countries that underwent socioeconomic and hygienic improvements, [13] [14] [15] [16] particularly in regions such as Latin America, Middle East, and Southeast Asia. Due to this gradual shift from high to intermediate endemicity for hepatitis A, there is a drop in HAV circulation and consequently the immunity to HAV infection falls rapidly, resulting in a growing pool of susceptible people. The probability of HAV epidemics increases due to the significant number of individuals susceptible to infection. The transition from high to low endemicity in HAV prevalence in developing countries has previously led to explosive outbreaks due to viral cross-contamination from endemic to nonimmune sectors of the population via food or water. 17 The use of effective hepatitis A vaccination as a public health tool has become more and more essential as increasing numbers of individuals reach adolescence and adulthood without natural immunity to the disease and are therefore at risk of hepatitis A morbidity and mortality. 1, 18 Vaccines against hepatitis A have been developed and have been shown to provide long-term protection against the disease. 6, 19 The WHO position paper on hepatitis A vaccines 1 states that in countries of intermediate endemicity, large-scale childhood vaccination should be considered as a supplement to health education and improved sanitation. Such immunization programs against hepatitis A have already been implemented in several countries including Spain, 20 Italy, 21 and Israel. 22 The effectiveness and cost-benefit analysis of hepatitis A vaccination programs proved to be both medically and economically justifiable in these countries. [23] [24] [25] Currently, Lebanon does not have a national immunization FIGURE 1. Overall HAV seroprevalence rate by age group ( 2 test for the trend P < 0.001). 
